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ABSTRACT:
Infertility is a public health issue that affects a large portion of the human
population. According to epidemiological studies, 20% of couples worldwide were
infertile in 2015 (Turchi, 2015). To understand how to treat infertility and other
reproductive disorders in humans, first the mechanism in which vertebrate reproduction
occurs must be investigated in a model organism. The zebrafish, Danio reiro is a popular
model for reproductive studies (Hill, 2005). For this reason, a transgenic zebrafish was
generated with a plasmid that carried 1823 bp of the aromatase (CYP19a) promoter and
the Enhanced Green Fluorescent Protein (EGFP) gene. The EGFP gene was used as a
reporter to map the expression of the aromatase promoter in the female zebrafish. This
promoter originated from the aromatase enzyme that converts androgens to estrogen in
the ovaries of most vertebrates. In our studies, two different western blots were
performed to detect levels of green fluorescence in different organs and in follicles of
different sizes. Our findings suggest that that the aromatase promoter is expressed in the
granulosa cells that surround the ovarian follicles during the pre-vitellogenic (PV), earlyvitellogenic(EV) and mid-vitellogenic (MV) stages of folliculogenesis. This transgenic
model could be used in future research to study proteins that are expressed at these
specific stages of folliculogenesis and provide insight into their effects on ovulation.
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INTRODUCTION
The ovarian follicle is the basic functional unit of the ovaries. It is composed of
the oocyte which is surrounded by a layer of nucleated granulosa cells and an outer layer
of theca cells. The ovarian follicles mature from small primordial follicles into large
preovulatory

follicles

through

the

process

of

folliculogenesis

(Ge,

2005).

Folliculogenesis is tightly regulated by the action of heterodimeric gonadotropic
hormones produced by the anterior pituitary (Smith, 1930; Litch et al., 1997). These
gonadotropic hormones include: follicle stimulating hormone (FSH) and luteinizing
hormone (LIT) which are essential to vertebrate reproduction (Fevold et al., 1993; Simoni
et al., 1999). Orthologs of FSH and LH have been found in all vertebrate classes (Litch et
al., 1997). Although these hormones have been well studied, there is a limited amount of
information pertaining the mechanisms by which they function (Laan et al., 2002). To
gain further understanding of the elements involved in reproduction, the Tol2 system was
used to generate a transgenic zebrafish Danio reiro that carried 1823 bp of the (CYP19a)
promoter and the Enhanced Green Fluorescent Protein (EGFP) gene (Suster et al., 2009).
Zebrafish have become a popular model of choice in many scientific studies, since they
are cost efficient, require low maintenance and provide conceptual insight into many
aspects of vertebrate biology. (Hill, 2005; Segner, 2009).
General advantages o f Zebrafish as a Reproductive Model
The zebrafish, Danio rerio, is a small tropical fresh water fish widely known for
its use in home aquariums. The popularity of zebrafish has largely increased in the past
decades since it has become the focus of many research studies in evolutionary science,
genetics, neurobiology, development biology and many other fields of science (Lele and
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Krone, 1996).

The use of zebrafish in research has contributed to many recent

advancements in science. It has also aided in the development of new drugs and the
efforts to monitor possible environmental toxins (Broughton et a l 2001; Golling et al.,
2002). Zebrafish popularity as a model organism is reflected in the growing number of
published research studies that have used this organism. The number of publications has
grown from less than 100 annually in the early 1990s to more than a thousand per year
(Hill, 2005). The increasing use of zebrafish in research is due to its large array of
technical and practical advantages as a vertebrate model for many different biological
disciplines. These general advantages could prove important when studying vertebrate
reproduction
One of the main advantages of using zebrafish as a model is their small size (Hill,
2005). Adult zebrafish are about 1-1.5 inches in size. Thus, small facilities can house
large numbers of zebrafish together, reducing the cost of husbandry (Spitsbergen and
Kent, 2003). Their small size can also lower the cost research studies by lowering the
quantity of chemicals and labware needed to keep the zebrafish alive and to complete
required assays. Since the maintenance of zebrafish requires less chemicals than larger
fish, they also produce less waste for disposal and less pollutants (Hill et al., 2002). High
throughput methods are also possible due to the small size of the zebrafish embryos.
Their small size allows for large samples to be tested together providing many
experimental replicates (Hill, 2005). This might be useful when conducting reproductive
studies because a larger sample size means that the results will be more representative of
the actual population.
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In addition to their size, another advantage of using zebrafish as a model is their
ease of maintenance. There are several companies that specialize in zebrafish aquaria that
can house thousands of fish at a time (Hill, 2005). Many of these aquaria, include
circulating systems that continuously filtrate and aerates the water to maintain a clean,
healthy environment for the zebrafish (Avdesh et al, 2012). Proper ph levels,
temperature and photoperiods which are important for growth and reproductive
performance of zebrafish can also be automatically maintained and monitored
(Vargesson, 2007; Spence et al 2008; Avdesh el al, 2012). Zebrafish can be fed with dry
food and they only require feedings twice a day (Matthews et al, 2002). Since many of
the aspects of zebrafish maintenance can be automated, their handling would not be labor
intensive and the research would require very little animal training.
Furthermore, the large amount of existing knowledge about zebrafish makes this
species invaluable as a model organism for any type of scientific research (Segner, 2009).
The genome sequence which was initiated in 2001 has finally been completed making
zebrafish indispensable in any study involving genetics or tissue manipulation (Hill,
2005; Howe et al, 2013). A comprehensive resource manual for the use of zebrafish in
the laboratory has also been published. Since the optimum conditions needed to breed
and maintain the zebrafish have already been determined, common problems and diseases
affecting this species can easily be avoided or treated (Westerfield, 1995). Knowing the
optimum conditions for the zebrafish can also ensure proper mating and continuous
generation of offspring. Zebrafish can spawn once a week generating about 50-200 eggs
(Spence et al, 2007). The eggs grow and reach sexual maturation within 100 days.
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Zebrafish high fecundity and their rapid rate of maturation are very important factors in
reproductive studies since transgenic lines could be rapidly established.
Zebrafish Are Representative o f Other Vertebrates
A good model organism is one that is representative of a variety of organisms.
This means that the model organism does not only have to provide insight about a
specific process and how it works within itself; it must also be able to illustrate how these
same processes happen in other closely related organisms. To characterize the expression
of specific proteins in the ovaries, the chosen model must have a reproductive system that
is representative to many vertebrates including humans.
Zebrafish are a favorite model organism for reproductive studies since many
aspects of zebrafish reproduction are conserved among all vertebrates. Research studies
have gathered substantial information about zebrafish reproduction, starting from the
specific brain regions or neurons associated with their reproduction, all the way to their
gonadal physiology (Laan, et al, 2001; Blanton and Specker, 2007; Hoo et al, 2016).
These studies have shown there is great similarity between reproduction in zebrafish and
humans. Major reproductive elements like gametes and their function, ducts and openings
are shared among all vertebrates (Liu et al., 2011; Hoo et al., 2016). The intrinsic
cascades of reproductive hormones and their elaborate feedback mechanisms are also
conserved in all vertebrates (Santos et al., 2007). Since many of the aspects of zebrafish
reproduction are also shared by other vertebrates, using zebrafish as a model organism
could provide a great deal of insight into the implications of expressing specific proteins
in the ovaries for humans and the relationship between these proteins and the
reproductive hormones.
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One major similarity between zebrafish and mammalian reproduction is the
existence of three interrelated hormonal feedback control axes. These control axes consist
of: the hypothalamic-pituitary-gonadal (HPG) axis, the hypothalamic-pituitary-thyroid
(HPT) axis and the hypothalamic-pituitary-adrenal (HPA) axis. The first one of these, the
HPG axis, can regulate reproduction, aging and development through the collaboration of
the hypothalamus, the anterior pituitary gland (APG), and the gonads. (Liu et al., 2011a;
Hoo et al., 2016). In the HPG axis, the kisspeptin neurons and the GnRH neurons are
very important for the control of the hypothalamus and the secretion of FSH and LH in
mammals (Liu et al., 201 lb; Vaudry and Seong, 2014). Studies have found the presence
of sex steroid receptors indicating that these neurons are a part of the steroid feedback
loop (Messager, et al., 2005; Smith et al., 2006). Zebrafish also have kisspeptin neurons,
these neurons share many functional similarities with mammalian kisspeptin neurons like
the regulation of GnRH secretion and subsequent regulation of gonotropin release
(Kitahashi et al., 2009; Lehman et al., 2010; Servili et al., 2011; Semaan et al., 2013) In
addition, GnRH neurons in the hypothalamus produce GnRH that induce the secretion of
FSH (referred to as GTH-I in zebrafish) and LH (known as GHT-II in zebrafish) from the
APG (Lehman et al., 2010; Golan et al., 2015). The roles of these hormones are
conserved throughout species. In males, they are involved in the process of
spermatogenesis and the differentiation of Sertolli cells. While in females they regulate
ovarian follicle maturation, ovulation and estrogen production (Fevold et al., 1993;
Simoni et al., 1999). The mechanisms by which these hormones function, are also very
similar in both mammals and zebrafish. The gonadotropin receptors share many sequence
similarities and in both species and the mechanism by which LH and FSH function
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depend on the use of cAMP as a secondary messenger (Bogerd et al., 2005; García et al.,
2010). The HPG is very similar in zebrafish and mammals, conserving the main
hormones and reproductive structures.
The next hormonal axis, the HPT is dependent on the crosstalk between the
Hypothalamus, the Pituitary and the Thyroid gland. In mammals, the thyroid gland is a
butterfly shaped organ found in the neck. The thyroid’s secretion of triiodothyronine (T3)
and tetraidothyronine (T4) is controlled by the secretion of thyroid stimulating hormone
(TSH) from the APG which is regulated by the secretion of thyroid releasing hormone
(TRH) from the hypothalamus (Bodo el al., 2010). The purpose of the thyroid gland is to
regulate metabolism and growth. However, the thyroid hormones can also influence
reproduction by affecting the secretion of gonadotropin hormones (Manna et al., 2001).
The thyroid system of zebrafish is very similar to the mammalian thyroid system.
Thyroid tissue in these two species have the same origins and conserve the same genes
for thyroid tissue development (Porazzi et al., 2009). It has also been shown that in both
these species, the APG releases TSH which subsequently stimulates T3 secretion. The
roles of the thyroid hormones are essentially the same. Consequently, alterations to the
thyroid hormones (either T3 or T4) can have adverse effects in the reproductive systems
of both zebrafish and mammals by affecting the levels of GTH-I and GTH-II (Lehman et
al., 2010). The high level of resemblance between the HPT in mammals and zebrafish
indicate that zebrafish could be a good reproductive model.
Lastly the HPA axis, in mammals is made up of the interactions between the
hypothalamus, the pituitary gland and the adrenal gland (Khan et al, 2016). The main
functions of this axis include: the production of appropriate hormones as a response to
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stress, as well as the regulation of the reproductive and the immune systems (Mead and
Sarkar, 2014). In situations of stress the paraventricular nucleus of the hypothalamus
produces corticotrophin releasing hormone (CRH) and vasopressin (Tsigos and Chrousos,
2002). These two hormones induce the secretion of adrenocorticotropic hormone
(ACTH) by the APG (Mouthaan et al., 2014). This in turn, triggers the biosynthesis of
cortisol and other corticosteroids. Cortisol is a steroid hormone produced by the adrenal
gland to stimulate the process of gluconeogenesis under increased stress conditions. It
also prevents overactivation of the immune system and inflammation (Mouthaan et al.,
2014). Zebrafish do not have an adrenal gland, instead they have an analogous structure
called the interrenal (Yi-Wen, 2007). Hence, in zebrafish the HPA axis is referred to as
the hypothalamus-pituitary-interrenal (HPI) axis (Fuzzen et al., 2010). On the other hand,
the structure and function of the pituitary gland are conserved between mammals and
zebrafish. In both species, the pituitary produces the same hormones (Alsop and Vijayan,
2009). Like in mammals, the ACTH produced by the pituitary binds to melanocortin
receptors (MC2R) in the interrenal gland (Alsop and Vijayan, 2008). The MC2R
receptors and their signaling cascade are conserved between species. In both mammals
and zebrafish, binding of ACTH to MC2R eventually leads to the secretion of cortisol
(Cruz et al., 2013). Although zebrafish do not have an adrenal gland there is still high
levels of similarities between the adrenal gland and the zebrafish analogue, the interrenal.
Foreign DNA Can Be Easily Inserted into Zebrafish
To study the expression of specific proteins in the ovaries, it was necessary to
create a transgenic model in which a transgene can easily be integrated. Since the
complete genome of the zebrafish has been sequenced, genetic manipulations are not
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difficult to perform and maintain. The popularity of zebrafish as a model in genetics has
led to the development of many transgenic technologies for zebrafish (Amsterdam and
Becker, 2005). Transgenesis studies for this species have become routine and are now
fairly simple to perform in a tissue specific manner (Shafizadeh et al., 2002). Many of
these techniques are time efficient since zebrafish mature rapidly and have a high
fecundity. These techniques can also be inexpensive and some of them might even be
used for mass gene transfer projects (Lele and Krone, 1996).
One method used for introducing foreign DNA into zebrafish is liposome
mediated gene transfer. This technique uses negatively charged, large unilamellar
liposomes to deliver recombinant bacteriophage lambda particles into the cells of
dechorionated zygotes or early embryos. Integration of transgene DNA into the fish
genome has been shown to be efficient (Szelei et al, 1993). This method is one of the
easiest mass gene transfer methods available. It can be used when a research study
requires a large number of embryos to be genetically modified. In addition, many good
kits for liposome mediated gene transfer have been made commercially available. These
have successfully been applied to a wide range of models including cells of mammals and
non- mammals (Lele and Krone, 1996).
Electroporation of fertilized eggs has also been used as another method to create
transgenic zebrafish. In this method, dechorionated embryos of one or two cells are
injected with the DNA of interest (Bansal et al., 2008). A series of electrical pulses are
then used to make holes in the embryos through which the foreign DNA moves as a result
of its negative charge. The foreign DNA then enters cytoplasm and the nucleus of the
cells subsequently (Bigey et al., 2002; The et al., 2005). The machine required by this
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technique simple to use and commercially available. This means that electroporation is
cost efficient and does not require much labor. This technique is rapid, can be used to
create many transgenic zebrafish at a time (Barnabe-Heider et a l, 2008). However, this
technique can also be toxic. The use of this technique on living organisms can be made
complicated by the substantial damage and cell death caused by the electric pulses. Other
disadvantages might include the induction of free radicals, vascular defects, inflammation
and the diffusion of external media through the increase of permeability (Bigey et al,
2002; The et al, 2005). Although this method might have some disadvantages, it is still a
reliable technique used for the creation of transgenic organism.
Lastly, the microinjection has also been used for transgenic studies involving
zebrafish (Lele and Krone, 1996; Amsterdam and Becker, 2005). For this method, high
concentrations of plasmid DNA or bacterial artificial chromosomes (BACs) are injected
into the cytoplasm of one-cell embryos. The foreign DNA gets integrated into the
zebrafish genome producing mosaic transgenic individuals that can later generate stable
transgenic lines (Stuart et al., 1988). This technique has been criticized because it has a
low efficiency rate of approximately 5-20% (Stuart et al, 1988; Culp et al, 1991).
However, the microinjection is still popular because it yields higher survival rates than
other methods (Stuart et al, 1988; Lele and Krone, 1996). It is also relatively inexpensive
and easily accessible (Lin et al, 2016). The existence of many different transgenic
techniques increases the value of zebrafish as a reproductive model. The different cost
efficient options for creating transgenic zebrafish allow for its many different uses.
The Tol2 System
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The existence of the various methods used to introduce foreign DNA into the
zebrafish have made this a great model for transgenic studies. The value of the zebrafish
as a model has further increased by the introduction of the Tol2 transposon system as a
method for creating transgenic organisms. The Tol2 element was originally identified in
the Medaka fish (Oryzias latipes). This element is about 4.7 kilobases long and it
contains a gene that codes for an autonomous transposase protein. In the Tol2 transposase
technique, a plasmid construct is first created to introduce the foreign DNA into the
zebrafish. This construct consists of the protein of interest positioned downstream from
the promoter and two minimal cis regulatory sequences from the Tol2 element which are
placed at 5' and the 3 'flanking sites (Kardash, 2012). The construct and synthetic mRNA
that codes for the transposase introduced into an embryo through microinjection. The
transposase gets translated into protein and proceeds to catalyze the excision of the
transposon from the plasmid construct. As a result, the excised DNA gets integrated into
the genome of the zebrafish. Once the injected mRNA and the translated transposase
protein degrade, transposase stops working and the Tol2 insertion becomes stabilized
(Kawakami, 2007).
The invention of the Tol2 system has revolutionized the way transgenesis is
conducted in zebrafish. Previous methods of creating transgenic lines were satisfactory.
However, they often had low germline transmission frequency, low reliability of
transgene expression or required intensive labor (Suster et al., 2009). The Tol2 system
has greater rate of genomic integration than the previously used methods. About 50% to
70% of injected fish produce transgenic FI offspring, at frequencies between 3% and
100%. (Kawakami, 2007). Furthermore, researchers have found vectors with the minimal
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DNA sequences needed for Tol2 transposition. This means, that preparing a new
transgene construct does not require much labor or training. These vectors can be used to
study the expression of any foreign gene in zebrafish. They are also well suited for
studying genes that are specifically expressed in certain tissues (Suster et al., 2009). For
these reasons, the discovery of the Tol2 system has increased the popularity of the
zebrafish as a model organism.
Aromatase, a Specific Ovarian Promoter
To study protein expression in the ovaries, the foreign DNA does not just have to
insert itself into the organism's DNA, it must also be successfully expressed in the
specific tissue of interest. Using a good promoter ensures that the foreign DNA of interest
is continuously transcribed and translated. For this reason, the promoter of the aromatase
gene was chosen for this study.
Aromatase (CYP19) is an enzyme that facilitates the conversion of androgens
into estrogen. This process is of utmost importance for the dimorphic development of
zebrafish. The CYP19 gene is highly conserved in vertebrates and can be found in many
animals including humans (Harada et al., 1998; Tong and Chung 2003). Zebrafish have
two CYP19a genes: CYP19a which is expressed mainly in follicular cells lining the
vitellogenic oocytes in the ovary and CYP19b which is mostly expressed in the brain
(Tanaka et al., 1995). Studies analyzing the CYP19a gene have identified a TATA box
and many regulatory elements within its 2.5kb promoter region. Some of these regulatory
elements include: a steroidogenic factor-1 recognition site, estrogen receptor half site,
androgen receptor half site and cyclic-AMP responsive element (CRE) like sites. They
have also shown that CYP19a can be induced by estrogen and inhibited by androgens
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(Tong and Chung 2003). Additional studies have also characterized the expression of the
CYP19a gene. These studies revealed the specific expression of this gene in the granulosa
cells that surround ovarian follicles. Expression of the CYP19a gene is very low during
the pre-growth (PG) and pre-vitellogenic (PV) stages of folliculogenesis. It slowly
increases as the follicle enters the early-vitellogenic (EV), mid-vitellogenic (MV) and
late-vitellogenic/follicular growth (LV/FG) stages. It then decreases again once the
follicle reaches the Maturation stage. The extensive knowledge there is about CYP19a
gene and its specific patterns of expression makes this a good promoter for transgenic
studies (Ge, 2005).
Disadvantages ofZebraflsh as a Model Organism
There are some limitations to the use of zebrafish as model organisms for
reproduction. Although there is extensive knowledge about zebrafish, they are still an
emerging laboratory model. Hence, information about their reproductive system is not as
complete as it is for other mammalian models (Hoo et al., 2016). In addition, since they
belong to the class Actinopterygii, there are some differences between the reproductive
system of zebrafish and the reproductive system of mammals (Hoo el al., 2016). For
instance, in zebrafish reproduction, a male must be present for female to ovulate,
insemination happens externally and the fertilized embryos are transparent in color
(Spence et al., 2007: Hoo et al., 2016). Neither of these are true for humans or other
mammals.
Up until recently, the zebrafish was also lagging behind other models like the fruit
fly (Drosophila melanogaster) and the mouse due to a lack of certain molecular
techniques. Techniques for creating transgenic lines and knockouts were not as well
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established for the zebrafish as they were in other popular models. These disadvantages
are slowly disappearing as technology continues to advance (Kardash, 2012). Various
methods, including the Tol2 system have now made the zebrafish indispensable for
transgenic studies. Knocking out genes in zebrafish has also been made easier with the
creation of the CRISPR-Cas system which allows the induction of targeted genetic
modifications in zebrafish embryos (Hwang et a!., 2013). As new studies gather more
information about zebrafish, the technology gaps are becoming smaller and the value of
the zebrafish as a model organism is increasing.
Goals o f this Study
Zebrafish have become a popular model organism for scientific research. This
species is cost efficient, easy to maintain and has been well characterized, which makes it
such an attractive organism for reproductive research. The studies involving the
reproductive system are also very representative since a lot of the reproductive functions
and structures are conserved between zebrafish and mammals. In addition, there are a
variety of methods and promoters that can be used for the successful insertion and
specific expression in the ovaries of foreign DNA of interest. These characteristics make
zebrafish an ideal model for reproductive biology. By using transgenic techniques to
create a line of zebrafish that carry the aromatase promoter and the EGFP gene, our aim
is to characterize the specific expression of this promoter. Since the expression of
endogenous aromatase has been previously mapped on the granulosa cells surrounding
ovarian follicles at specific stages of folliculogenesis, the same pattern of expression is
expected in the transgenic zebrafish (Ge, 2005).

MATERIALS AND METHODS
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Transgenic Zebrafish
Transgenic zebrafish were obtained from previous studies which integrated the
aromatase gene promoter and the EGFP gene into zebrafish using the Tol2 system. The
FO generation was mated and they gave birth to the FI zebrafish that were used for this
study.
Genomic DNA Extraction
Genomic DNA Extraction was carried out as described in the Applied Biosystems
DNA Extract ALL Lysis Reagents protocol. In preparation for the PCR assay, tissue of
FI generation zebrafish was obtained from their caudal fin. The tissue was immersed in
50pl of lysis buffer and vortexed briefly to mix thoroughly. The tubes were then microcentrifuged and placed in the thermal cycler machine at 96°C for 3 minutes. Once the
Genomic DNA extraction was finalized, 50pl of DNA stabilizing solution were also
added to the mixture.
Polymerase Chain Reaction Assay (PCR)
After the DNA was extracted from the zebrafish, PCR was performed following
the AccuprimeIM SuperMix II protocol. While on ice, 4pl of template DNA, 7.5pl of
double distilled water, lpl (0.5pl each) of primer mix and 12.5pl of AccuprimeIM
SuperMix II were added to DNAse/RNAse-free micro-centrifuge tubes in accordance to
the protocol. Each tube was vortexed and then micro-centrifuged briefly. Next, they were
placed in the thermal cycler at 94°C for 30seconds as the initial denaturation. This step
was followed by 35 cycles of: denaturation at 94°C for 30 seconds, annealing at 60°C for
30 seconds and extension at 68°C for 1 minute per Kb of PCR product.
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Once the amplification products were obtained, 2.5pl of loading buffer was mixed
into each tube. 25pl of each sample was loaded into a 1% agarose gel covered XTA
buffer in a gel electrophoresis apparatus. In addition, lOpl of Hi-Lo solution were also
loaded on the gel
The apparatus was set to run at a voltage of 11 Ov for 60 minutes. The final results were
analyzed under UV light.
Protein Extraction o f Different Tissues
Transgenic 1 (TGI), Transgenic 2 (TG2) and Wildtype (Wt) female zebrafish
were dissected as previously described (Gupta and Mullins, 2010). Female zebrafish were
euthanized in ice water. Their ovaries, brains, hearts, liver and intestines were removed
and placed in PBS.
A small sample of tissue was taken from each organ and immersed in lamlii
buffer. The different amounts of lamlii buffer added to each sample were as follow: 300pl
for the ovaries, lOOpl for the brains, lOOpl for the heart, 250pl for the liver and 250pl for
the intestines. The samples were heated for 3 minutes at 95°C. The samples were then
spun for 10 minutes.
SDS/PAGE and Western Blot o f Different Zebrafish Tissues
The SDS/PAGE was performed in accordance with the protocol from the MiniPROTEAN® Tetra Cell manual. Pre-made 4-20% polyacrylamide gels were placed in an
electrophoresis gasket and tank. 20 pi of each sample was loaded into the gel and
electrophoresis was done for 35 minutes at voltage of 200v.

22

The gel was transferred as described by the protocol from the Mini Trans-Blot®
Electrophoretic Transfer Cell manual. The gel sandwich was prepared by placing the gel
between a nitrocellulose membrane, filter paper and fiber pads in a locked cassette. The
gel sandwich was moved into an electrophoresis tank filled with transfer buffer. The tank
also contained an ice pack and a magnetic stirrer. The transfer was done at a voltage of
1OOv for one hour.
The membrane was allowed to dry for about 15 minutes and then it was blocked
with Odyssey Blocking Buffer (PBS or TBS) for one hour. To detect the reporter gene,
the membrane was incubated overnight with the anti-GFP antibody (1: 1,000 diluted) at
4°C in gentle shaking and washed four times with lxPBS-T (0.1% Tween 20). Next, the
membrane was incubated with Rabbit Polyclonal to GFP (1: 10,000 diluted) in the dark
and washed four times with lxPBS-T (0.1% Tween 20) and one additional time with lx
TBS/PBS to eliminate the residual Tween before detection. The detection was performed
as described by the LI-COR Near- Infrared (NIR) Western Blot Detection manual.
Cryostat Sectioning
A sample of fresh unfixed ovarian tissue was placed in a mold and frozen in the
optimal cutting temperature (OCT) compound. The OCT with the tissue was frozen onto
metal grids and placed on the cryostat. The sections were cut 5-15pm thick at a
temperature of -20°C in the cryostat. After the cutting was complete the tissue section
was transferred to a room temperature microscope slide. A drop of 4',6-Diamidino-2Phenylindole, Dihydrochloride (DAPI) was added to the slide as a counter stain (Fischer
et al. 2008).
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Direct Microscopy o f Frozen Ovarian Tissue
After the tissues were sectioned with the cryostat, the ovarian tissue was
visualized under a fluorescent confocal microscope. The slides were stained with DAPI
and further visualization was performed using blue and green fluorescent filters.
Follicle Fractionation
Ovary was isolated as described in previous research. The female zebrafish was
dissected and her ovaries were removed. The ovaries were placed in a culture dish with
60% Leibovitz L-15 medium. After isolating the follicles, they were grouped according
to size as follow: Mature follicle (FG) > 650pm, late-vitellogenic stage (LV) 500-600pm,
mid-vitellogenic stage (MV) 400-500pm, early-vitellogenic stage (EV) 300-400pm, previtellogenic stage (PV) 200-300pm, pre-growth stage (PG) <100pm.
Protein Extraction o f Different Size Ovarian Follicles
After separating the ovarian follicles by size, protein extraction was conducted.
This method was performed as previously described. However, for this experiment lOOpl
of lamlii buffer was added to each sample. The samples were then heated for 3 minutes at
95°C and spun for 10 minutes in preparation for the following technique.
Western Blot and SDS/PAGE o f Different Size Ovarian Follicles
The SDS/PAGE and the western blot were both completed following the
PROTEAN® Tetra Cell manual protocol previously described. Once again, 20pl of each
sample was loaded into the gel. A full ovary was used as a positive control, of which only
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lOjil was added into the gel and an extra lane was left blank. After the samples were
loaded, electrophoresis was done for 35 minutes at voltage of 200v.
The gel was transferred was also carried out as previously described at a voltage
of 1OOv for one hour. After drying, it was blocked with Odyssey Blocking Buffer (PBS or
TBS) for one hour. The, it was incubated overnight with the anti-GFP antibody (1: 1,000
diluted) at 4°C in gentle shaking and washed four times with lxPBS-T (0.1% Tween 20).
The membrane was incubated with Rabbit Polyclonal to GFP (1: 10,000 diluted) in the
dark and washed four times with lxPBS-T (0.1% Tween 20) and one additional time with
lx TBS/PBS to eliminate the residual Tween before detection. Finally, detection was
performed as described by the LI-COR Near- Infrared (NIR) Western Blot Detection
manual.

RESULTS
Genotyping o f transgenic FI zebrafish
PCR was used to determine the successful introduction of the CYP19a gene
promoter into the zebrafish genome. DNA was extracted from zebrafish tissue and
amplified with PCR. Later, it was run through gel electrophoresis and analyzed under UV
light. DNA amplification was expected to reveal the presence of the of the EGFP gene
that was included in the vector with the CYP19a promoter. EGFP is a reporter gene can
easily be visualized in gel at about 720bp. The presence of a band at about 700bp
indicates that incorporation of the transgene was successful. Almost 100% of the FI
generation was transgenic which shows the reliability of the Tol2 system as a method for
creating transgenic lines (Fig. 1).
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1,000 bp
750 bp

500 bp
400 bp
Figure 1 : Integration of the aromatase promoter identified by Polymerase
Chain Reaction (PCR) Technique. Lane 1 contains the DNA ladder. Lane 26 display the 700bp band associated with the expression o f the EGFP gene in
the transgenic zebrafish. Lane 7 is a wild type and does not have any bands.

Western Blot o f Different Zebrafish Tissues
To determine the specific tissues in which CYP19a was being expressed, a
Western Blot was conducted. To begin the procedure, protein was extracted from: the
brains, the heart, the liver and the intestines of a transgenic zebrafish and the ovaries of a
wildtype zebrafish. SDS/PAGE was performed to separate the proteins in each sample by
molecular mass. The resulting gel was transferred to a nitrocellulose membrane to be
detected through Western blot. EGFP was expected to have a band at 26.9 kDa. The
transgenic ovaries were the only tissues to express EGFP (Fig. 2). The other tissues did
not express any EGFP. Thus, indicating that CYP19a promoter was specifically
expressed in the ovaries.
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Figure 2: Western Blot detection of EGFP expression in different tissues of transgenic and wild
type zebrafish The observed green bands represent the amount of EGFP expressed in each tissue.
EGFP is only observed in the ovaries of transgenic zebrafish indicating that the aromatase promoter
is only expressed in the ovaries. Lane 1 shows a wild type ovary. Lane 2 shows transgenic ovary 1.
Lane 3 shows transgenic ovary 2. Lane 4 shows transgenic ovary 3. Lane 5 shows transgenic brain.
Lane 6 shows transgenic heart. Lane 7 shows transgenic liver.

Direct Microscopy o f Frozen Ovarian Tissue
After finding that CYP19a was being expressed specifically in the ovaries of the
transgenic zebrafish, it was important to investigate in which ovarian cells was the
promoter being expressed. The ovarian follicle is composed of the inner oocyte which is
surrounded by granulosa cells and outer theca cells. Previous research has identified, the
granulosa cells surrounding the oocyte as the site of endogenous aromatase expression.
Unlike theca cells, granulosa cells are nucleated and can be easily observed when stained
with a nuclear counter stain like 4',6-Diamidino-2-Phenylindole, Dihydrochloride
(DAPI). Thus, to understand if the granulosa cells were expressing CYP19a: the ovaries
were frozen, sectioned with a cryostat, stained with DAPI and visualized under a
fluorescent microscope. Nucleated cells would appear in blue, while the cells expressing
CYP19a would appear in green since they are also expressing the EGFP. The results
indicate that the CYP19a promoter is expressed in a layer of cells that surround the
oocyte (Fig. 3). These cells are also nucleated which suggests that the CYP19a aromatase
promoter might be expressed in the granulosa cells of the ovarian follicles.
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Figure 3: Visualization of EGFP Expression In Ovarian Follicles With Fluorescent
Microscope. A and B illustrate the different components of an ovarian follicle including: the
oocyte, the surrounding layer of granulosa cells and the outer theca cells (Ge, 2005). C shows
ovarian follicles of two transgenic zebrafish and one wildtype viewed under green fluorescent light,
blue fluorescent light or both. The cells that appear in green are expressing the EGFP reporter gene,
while the cells that appear in blue are nucleated cells that were stained by DAPI.
Western Mot o f Ovarian Follicles at Different Stages o f Folliculogenesis
During the process of folliculogenesis, follicles undergo morphological changes
that allow them to develop from primordial follicles to preovulatory follicles. In
zebrafish, this process happens in a time span of 10 days and is divided in the following
five stages: The growth stage; the pre-vitellogenic stage; the vitellogenic stage; the
maturation stage; and the mature egg stage (Ge, 2005). To understand at what stages of
folliculogenesis is the CYP19a promoter expressed, a Western blot was conducted. For
this Western blot follicles were isolated into different size groups associated with the
different stages. The observed results show higher expression of EGFP at the pre-growth,
pre-vitellogenic and the early-vitellogenic stages.
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Figure 4. Westernblot detection of EGFP expression in ovarian follicles at
different stages of foiliculogenesis. A. Westemblot illustrating the expression
o f EGFP driven by the aromatase promoter in follicles at different stages of
foiliculogenesis. Lane 1 shows the total ovarian proteins. Lane 2 was blank.
Lane 3 shows follicles at the PG stage; lane 4 has follicles at the PV stage; lane
5 has follicles at the EV stage; lane 6 has follicles at the MV; lane 7 has follicles
at the LV stage and lane 8 has follicles at the FG stage. B. shows the expected
expression o f endogenous aromatase as mapped by previous studies.

DISCUSSION
According to the WHO, infertility can be defined as a disease of the reproductive
system, characterized by the inability to become clinically pregnant after a year of
engaging in regular unprotected sexual intercourse (Zangers-Hoschiled et al., 2009).
Although infertility was once considered a mere inconvenience, it is now classified as a
disease by the US regulatory American with Disabilities Act (Meacham et al., 2007;
Turchi, 2015). Infertility is ranked as one of the top five serious global disabilities among
women younger than 60 and it affects 15-20% of all couples worldwide (Krahn, 2011;
Turchi, 2015). Studies have shown that many of these cases of infertility are due to
hormonal imbalance and abnormal ovulation in women (Laven et al., 2002; Hoo et al.,
2016). To find a new solution to this problem, the mechanism by which reproduction
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occurs in females must first be investigated. For decades, scientists have studied LH and
FSH which are the main hormones that regulate the process of folliculogenesis. However,
the mechanisms by which these hormones and their receptors influence the maturation
and survival of gametes remains obscure (Laan et al., 2002). To gain insight into these
mechanisms a transgenic model was developed. A stable transgenic line was previously
created by using the Tol2 system to integrate part of the aromatase gene promoter and the
EGFP reporter gene into zebrafish.
To confirm the successful integration of the transgene into the zebrafish DNA, the
FI progeny was genotyped using PCR. Since the EGFP gene is 720bps, all transgenic
zebrafish were expected to show a band at that location. From the results, it was observed
that the zebrafish had a band between 500bps- 750bps. This implies that the integration
of the transgene into the zebrafish was successful. In addition, all the FI zebrafish that
were sequenced showed that same band between 500bps- 750bps, suggesting that there
was 100% integration of the transgene. The high percent of integration observed in this
transgenic line was not surprising, since the Tol2 system has been known to have high
efficiency.
After confirming the successful integration of the transgenes, expression of the
aromatase promoter was mapped using the Western blot technique. The results show an
intense band at about 26.9 kDa for the ovarian samples of the three zebrafish and no
bands in any of the other tissue samples. Since the molecular weight of EGFP is 26.9
kDa, any sample in which the aromatase gene promoter is expressed should present a
band at this position. These results suggest that the aromatase gene promoter is
specifically expressed in the ovaries. Aromatase is an enzyme responsible for catalyzing
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the conversion of androgens to estrogens. The two genes that code for aromatase in
zebrafish (CYP19a and CYP19b) have different expression patterns. The promoter used
for this research was extracted from the CYP19a gene which is exclusively expressed in
the ovaries. The patterns of expression of the CYP19a gene explain why the transgenes
introduced into the zebrafish are only expressed in the ovaries (Tanaka et al., 1995).
The ovaries are formed by ovarian follicles composed of: an oocyte enclosed by a
thin layer of nucleated granulosa cells and an outermost layer of theca cells. To continue
characterizing the expression of the aromatase promoter, direct microscopy was used to
identify the specific cells that exhibited green fluorescence. Only cells surrounding the
oocyte showed any signs of fluorescence. These cells were also the ones that retained the
DAPI counter stain. Based on these characteristics, the aromatase promoter is most likely
being expressed by the granulosa cells. These results are supported by studies that have
shown that the granulosa cells are responsible for the conversion of androgens to
estrogens by aromatase during folliculogenesis (Tanaka et al., 1995; Havelock et al.,
2004; Ge, 2005).
Follicles mature and develop through the process of folliculogenesis. This process
is divided into different stages that can be characterized by differences in protein
expression and follicular size. To understand differential expression of the aromatase
promoter throughout folliculogenesis another Western blot was performed. For this
western blot, follicles were separated into groups according to the size ranges
representative of each stage. Protein was extracted from each group and used to run the
western blot. The results show that there were higher levels of EGFP at the pre-growth,
pre-vitellogenic and the early-vitellogenic stages. This indicates that the aromatase gene
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promoter was highly expressed during these stages. Previous research indicated that
endogenous aromatase expression is highest during the early-vitellogenic, midvitellogenic and late-vitellogenic stages of folliculogenesis (Ge, 2005). There are a few
discrepancies between the obtained and the expected data because only a piece of the
promoter was used for this study. On the other hand, studies that previous characterized
the expression of endogenous aromatase looked at the expression of the whole promoter.
Although there are a few differences between the obtained results and previous studies,
they both show the similar peaks of expression. They also show that aromatase is specific
to certain stages of folliculogenesis.
The transgenic line of zebrafish that was created shows great promise as a
reproductive model. The aromatase promoter has been shown to be easily introduced into
zebrafish and to also have very specific patterns of expression. Future research could
utilize this model to study the expression of proteins associated with female reproduction.
By using this line of transgenic zebrafish new information regarding the effects of
different reproductive proteins could be gathered. This information could potentially be
used to develop new treatments for infertility and other reproductive disorders.
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